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1
(Semi-infinite programming problem: SIP) [2, 8, 9, 10, 12] ,
.
Minimize $f(x)$
subject to $x\in X$ , $g(x, t)\geq 0(\forall t\in T)$ . (1.1)
, $X\subseteq\Re^{n}$ , $T$ Hausdorff , $f$ : $\Re^{n}arrow\Re$
$g:\Re^{n}\cross Tarrow\Re$ . , $T$ , $X=\Re^{n}$
$X=\Re_{+}^{n}$ , (1.1) .
, SIP .
Minimize $c^{T}x$
subject to $x\in \mathcal{K}^{n}$ , $a(t)^{T}x-b(t)\geq 0(\forall t\in T)$ , (1.2)
, $c\in\Re^{n}$ , $b:Tarrow\Re,$ $a$ : $Tarrow\Re^{n}$ $x\in\Re^{n}$
$mIn_{t\in T}\{a(t)^{T}x-b(t)\}$ . , $\mathcal{K}^{n}\subset\Re^{n}$
$n$ (Second-order cone: SOC) .
$\mathcal{K}^{n}$ $:=\{x=(x_{1},\overline{x})\in\Re\cross\Re^{n-1}|x_{1}\geq\Vert\tilde{x}\Vert\}$.
, $x\in\Re^{n}$ $x:=(x_{1},\tilde{x})\in\Re\cross\Re^{n-1}$ , $\tilde{x}$ $:=(x_{2}, \ldots, x_{n})^{T}\in$
$\Re^{n-1}$ . , $\Vert\cdot\Verth$ . SIP (1.2)




(Second-order cone programming:SOCP) .
,
$[1, 11]$ . , (Second-order cone complementarity problem:
SOCCP) $[3, 4]$ .
[6] , Jordan SOCCP ,
. , [6] ,




, SIP (1.2) ,
. , , Lai and Wu
SIP explicit algorithm [10]







, . , Jordan [5]
,
.
$x:=(x_{1},\tilde{x})\in\Re\cross\Re^{n-1}$ # , $\lambda_{1}(x)$ ,
$\lambda_{2}(x)\in\Re$ , $v_{1}(x),$ $v_{2}(x)\in\Re^{n}$ .
$\lambda_{i}(x)$ $;=x_{1}+(-1)^{i}\Vert\tilde{x}\Vert$ ,
$v_{i}(x)$ $:=\{\begin{array}{ll}\frac{1}{2}(1, (-1)^{i}\frac{\overline{x}}{\Vert\tilde{x}\Vert}) (\tilde{x}\neq 0), (i=1,2)\frac{1}{2}(1, (-1)^{i}w) (X=0),\end{array}$
, $w\in\Re^{n-1}$ $\Vert w\Vert=1$ , , $x$
$x=\lambda_{1}(x)v_{1}(x)+\lambda_{2}(x)v_{2}(x)$ . (2.1)




. $x\in\Re^{n}$ $z\in\Re^{n}$ ,
.
$x\in \mathcal{K}^{n},$ $z\in \mathcal{K}^{n},$ $x^{T}z=0$ . (2.2)
.
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2.1 $n$ $x$ $z$ (2.2) .
, $x$ $z$ .
(a) $0=\lambda_{1}(x)=\lambda_{2}(x)$ and $0\leq\lambda_{1}(z)\leq\lambda_{2}(z)$ ( $i.e.,$ $x=0$ and $z\in \mathcal{K}^{n}$),
(b) $0\leq\lambda_{1}(x)\leq\lambda_{2}(x)$ and $0=\lambda_{1}(z)=\lambda_{2}(z)$ ( $i.e$ ., $x\in \mathcal{K}^{n}$ and $z=0$),
(c) $0=\lambda_{1}(x)\leq\lambda_{2}(x)$ and $0=\lambda_{1}(z)\leq\lambda_{2}(z)(i.e.,$ $x\in bd\mathcal{K}^{n}$ ,
$z\in bd\mathcal{K}^{n}$ , and $x\perp z$ ).
, 1.
$v_{1}(x)=v_{2}(z)$ and $v_{2}(x)=v_{1}(z)$ . (2.3)
(2.3) , $x$ $z$ ,
$\hat{x}_{1}=\lambda_{1}(x)/\sqrt{2}$ , $\hat{x}_{2}=\lambda_{2}(x)/\sqrt{2}$, $\hat{z}_{1}=\lambda_{2}(z)/\sqrt{2}$, $\hat{z}_{2}=\lambda_{1}(z)/\sqrt{2}$
$\hat{e}_{1}=\sqrt{2}v_{1}(x)=\sqrt{2}v_{2}(z)$ , $\hat{e}_{2}=\sqrt{2}v_{2}(x)=\sqrt{2}v_{1}(z)$ .
, .
$x=\hat{x}_{1}\hat{e}_{1}+\hat{x}_{2}\hat{e}_{2}$, $z=\hat{z}_{1}\hat{e}_{1}+\hat{z}_{2}\hat{e}_{2}$ . (2.4)
, .
(a) $\hat{e}_{1},\hat{e}_{2}\in bd\mathcal{K}^{n},$ $\Vert\hat{e}_{1}\Vert=\Vert\hat{e}_{2}\Vert=1,$ $(\hat{e}_{1})^{T}\hat{e}_{2}=0,\hat{e}_{1}+\hat{e}_{2}=(\sqrt{2},0)^{T}$.
(b) $0\leq\hat{x}_{1}\leq\hat{x}_{2},0\leq\hat{z}_{2}\leq\hat{z}_{1},$ $\min\{\hat{x}_{1},\hat{z}_{1}\}=\min\{\hat{x}_{2},\hat{z}_{2}\}=0$ .
(b) (2.4) , $n$
. , $x$ $z$ :
$x\geq 0,$ $z\geq 0,$ $x^{T}z=0$ ,
, $i$ , $x_{i}\geq 0,$ $z_{i}\geq 0,$ $\min\{x_{i}, z_{i}\}=0$ .
, $x$ $z$ , $i$ 1 $0$ $e_{i}$
$x= \sum_{i=1}^{n}x_{i}e_{i},$ $z= \sum_{i=1}^{n}z_{i}e_{i}$ , (2.4) 6 $\hat{e}_{1}$ $\hat{e}_{2}$ , $x,$ $z$
$\{(x_{1},\tilde{x})\in\Re\cross\Re^{n-1}|\tilde{x}=0\}$
. , $e_{i}$ , $\hat{e}_{1}$ $\hat{e}_{2}$ (X, $z$ )
.
3
, SIP (1.2) , . ,
SIP (1.2) . $T$ $t_{1},$
$\ldots,$
$t_{m}$
$1_{\overline{X}=0}$ $b$ \langle $\tilde{z}=0$ $v_{t}(i=1,2)$ $w$ .
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$E$ . (i.e., $E$ $:=\{t_{1},$ $\ldots,$ $t_{m}\}\subset T.$ ) , LSOCP$(E)$
.
Minimize $c^{T}x$
subject to $x\in \mathcal{K}^{n}$ , $a(t_{j})^{T}x-b(t_{j})\geq 0$ $(j=1, \ldots, m)$ .
SOCP , . ,
, SIP (1.2) . LSOCP$(E)$
DLSOCP$(E)$ .
Maximize $\sum_{j=1}^{m}b(t_{j})\nu(t_{j})$
subject to $\nu(t_{j})\geq 0$ , $c-\sum_{j=1}^{m}a(t_{j})\nu(t_{j})\in \mathcal{K}^{n}$ .





Step $0$ $E^{0}:=\{t_{1}^{0}, \ldots, t_{m0}^{0}\}\subset T$ . , LSOCP$(E^{0})$ ,
$x^{0}$ . $k:=0$ .
Step 1 , $\min_{t\in T}\{a(t)^{T}x^{k}-b(t)\}\geq 0$ , .
, .
$t_{new}^{k}$ $:= \arg\min_{t\in T}\{a(t)^{T}x^{k}-b(t)\}$ and $E^{k+1}$ $:=E^{k}\cup\{t_{new}^{k}\}$ .




. $k$ $:=k+1$ SteP 1 .
Step 2 LSOCP$(E^{k+1})$ DLSOCP$(\overline{E}^{k+1})$





A $k$ , (i)LSOCP $(\overline{E}^{k})$ DLSOCP$(E^{k})$ $x^{k},$ $\nu_{k}$
, (ii) .
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LSOCP $(\overline{E}^{k})$ DLSOCP $(\overline{E}^{k})$ , (











. , (3.1) , (2.4)
.
$x^{k}=\hat{x}_{1}^{k}\hat{e}_{1}^{k}+\hat{x}_{2}^{k}\hat{e}_{2}^{k}$ , $z^{k}=\hat{z}_{1}^{k}\hat{e}_{1}^{k}+\hat{z}_{2}^{k}\hat{e}_{2}^{k}$ .
, $(\hat{e}_{1}^{k},\hat{e}_{2}^{k})\neq(\hat{e}_{1}^{k+1},\hat{e}_{2}^{k+1})$ . , .
$B$ $M>0$ $\delta>0$ , $k\geq 1$
$(a)-(e)$ .
(a) $\Vert x^{k}\Vert\leq M,$ $\Vert z^{k}\Vert\leq M$ .
(b) $t\in E^{k}$ $\nu_{k}(t)\geq\delta$ .
(C) $i=1,2$ $\delta\leq\max\{\hat{x}_{i}^{k},\hat{z}_{i}^{k}\}\leq M$ .
(d) $x^{k}\in bd\mathcal{K}^{n}$ $x^{k}\neq 0$ , $a(t)^{T}\hat{e}_{2}^{k}\not\in(-\delta, 0$] $t\in E^{k}$
.
(e) $x^{k}\in int\mathcal{K}^{n}$ , $\lambda_{\min}(H_{k}H_{k}^{T})\geq\delta$ . , $\lambda_{\min}$





$B(a)$ , $B(b)$ (c)
. , $B(c)$
$\min\{\hat{x}_{i}^{k},\hat{z}_{i}^{k}\}=0$ .
$\hat{x}_{i}^{k}=0\Leftrightarrow\hat{z}_{i}^{k}\geq\delta$ , $\hat{x}_{i}^{k}\geq\delta\Leftrightarrow\hat{z}_{i}^{k}=0$ .
$B(d)$ (e) , .
.
31 A $B$ . . 31
$\{x^{k}\}$ SIP (1.2) .
, .
3.1 A $B$ . , SIP (1.2) .





. Step $0$ $E^{0}$ $n+1$ . , $T$
. Stepl $t_{\mathfrak{n}ew}^{k}$ .
, $\min_{t\in T}\{a(t)^{T}x^{k}-b(t)\}\geq-10^{-8}$ . Step 2 LSOCP $(\overline{E}^{k+1})$
DLSOCP$(\overline{E}^{k+1})$ [7] SOCCP .
Step 3 $\nu_{k+1}(t)>0$ $\nu_{k+1}>10^{-8}$ . , MATLAB 7.0
, Intel(R) Xeon(TM) CPU 3.$60GHz$ 2GB RAM .
, SIP (1.2) ,
$a(t)$ $:=(\begin{array}{ll}-(2t-l.l3)^{2} -l.03-(2t-0.98)^{3} (2t-1.05)^{2} -0.9\end{array})$ , $b(t)$ $:=-(2t-1.08)^{2}-1.1$ , (4.1)
$T=[0,1]$ . , $c$ , $c_{1}=(1,0,0)^{T}$ ,
$c_{2}=(-0.88,0.23, -0.98)^{T},$ $c_{3}=(-0.79, -0.35, -0.03)^{T}$ 3 .
1 . , $\lambda_{1}(x^{*})$ $\lambda_{2}(x^{*})$ $x^{*}$ , #ite
, $cpu(s)$ CPU . , $\#ite$ $cpu(s)$ , $(i=1,2,3)$
, $E^{0}$ 100 . $c=c_{1}$
, $t\in T$ $a(t)^{T}x^{*}-b(t)>0$ .
, 100 , $E^{0}$
. $c=c_{2}$ , $x^{*}=$ $(0.747, - 0.654, 0.361)^{T}$ ,
$0=\lambda_{1}(x^{*})<\lambda_{2}(x^{*})$ . , $x^{*}$ . ,
$x^{*}$ $a(t)^{T}x-b(t)\geq 0$ $t\in T$ ,
. , CPU . $c=c_{3}$ ,
$x^{*}=$ $(1.019, 0.118, -0.020)^{T}$ , $0<\lambda_{1}(x^{*})<\lambda_{2}(x^{*})$ .
, $x^{*}$ , $x\in \mathcal{K}^{n}$




subject to $x\in \mathcal{K}^{7},$ $\sum_{i=1}^{7}t^{i-1}x_{i}\geq\sum_{i=0}^{4}t^{2i}$ $(\forall t\in[0,1])$ .
Minimize $h$
subject to $(\begin{array}{l}hx\end{array})\in \mathcal{K}^{8},$ $h \geq|\sum_{i=1}^{7}t^{i-1}x_{i}-\sin(\frac{5\pi t}{6})|$ $(\forall t\in[0,1])$ .
(43)
, (4.3) $f(x)$ $:= \max_{t\in[0,1]}\{\Vert x\Vert, |\Sigma_{i=1}^{7}t^{i-1}x_{i}-\sin(5\pi t/6)|\}$
. , (4.3) SIP (1.2) , $c=$
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$g1$ : Obtained results for SIP with (4.1)
*2: Obtained results for SIPs (4.2) and (4.3)
$(1, 0, \ldots, 0)^{T}\in\Re^{8},$ $T=[0,1]\cup[2,3]$ ,
$a(t)$ $:=\{\begin{array}{ll}(1,1, t, t^{2}, \ldots, t^{6})^{T} if t\in[0,1](1, -1, -(t-2), -(t-2)^{2}, \ldots, -(t-2)^{6})^{T} if t\in[2,3]0 otherwise,\end{array}$
$b(t)$ $;=\{\begin{array}{ll}sin (\frac{5\pi t}{6}) if t\in[0,1]-\sin(\frac{5\pi(t-2)}{-\infty 6}) otherwiseift\in[23].\end{array}$
SIP (1.2) . 2 . ,
, SIP (4.2) 1 . , $x^{*}$
$E^{*}$ $:=\{t\in T|a(t)^{T}x^{*}-b(t)=0\}$ $E^{*}=\{1\}$ , $T$ .
, SIP (4.3) , 4 5 , $E^{0}$
. , $x^{*}$ $E^{*}=$ {0.540} , $T$ .
5
, Lai and Wu explicit
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